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Abstract 
 
Almost all applications of Building Physics are underscored by a desire to optimise amenity for the people that experience our 
designs. Despite this, the communication of Building Physics analysis is often conducted using scientific presentation methods. 
These media are inherently detached from the perspective of end users, leading to a disconnect between the technical analysis and 
the key driver. The virtualisation technologies adopted in this work are used to generate immersive environments that provide 
improved contextualisation of built environment design. Designers and stakeholders are able to experience Building Physics 
analysis from the perspective of end users, connecting the technical analysis to its key driver, occupant amenity. 
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1. Introduction 
 
Building Physics is a broad discipline that encompasses many fields of science and engineering, from fluid 
dynamics to façade thermal performance. The application of Building Physics principles can be used to improve 
outcomes of built environment projects by reducing stakeholder risk and optimising design parameters. The main 
focus of such improvements is generally human amenity. The way end users experience our designs from a comfort 
and quality perspective is a fundamental driver for the application of Building Physics techniques. 
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Nevertheless, as a highly technical discipline dealing predominantly with scientific first principles, the data from 
Building Physics analyses are more often than not communicated using traditional two dimensional methods, such as 
charts and contour plots. These media are inherently detached from the perspective of end users, leading to a disconnect 
between the technical analysis and the key driver. 
Research into data communication methods has highlighted the importance of visual expression of data. In the work 
of Tufte [1] it has been shown that the chosen communication approach has a significant impact on the interpretation 
of data, with citation of two extreme cases that resulted in preservation and expiration of human lives. 
Virtual reality systems have existed for decades but have only recently become mainstream and affordable, 
particularly since the commercial introduction of the Oculus Rift. Several studies have demonstrated that immersive 
virtual reality systems can improve the perception of data, resulting in a more intuitive understanding as well as an 
improved retention of that understanding [2,3]. 
An investigation has been conducted with the aim of assessing the feasibility and limitations of immersive virtual 
reality technology for the communication of Building Physics analysis. Specifically, the study has explored the 
potential for improving the connection between Building Physics analysis and end user experience. The study has 
involved the categorisation of communication purposes, the exploration of communication approaches, and the 
development of a functional virtual reality system for experiencing Building Physics data. 
 
2. Purpose of communication 
 
In order to evaluate the usefulness of virtual reality in the communication of Building Physics analysis, the 
objectives of such communication must first be understood. There are three main drivers for the presentation of 
analysis results, as discussed below. 
 
2.1. Validation of analysis 
 
Building Physics analysis will often involve numerical simulation using computational methods to understand 
spatial or temporal variation in properties such as energy, light or fluids. The analyst performing such simulations will 
need to validate the results of their analysis by comparing their simulation outputs with the expected outcome, either 
using well-established benchmarks, rules of thumb or intuition. A simple example of such a validation is the 
assessment of building energy modelling outputs to ensure chiller demand is higher in summer months than winter 
months. 
 
2.2. Decision making 
 
When used as part of a design process, Building Physics analysis can be used to great effect to highlight the impact 
of design decisions. For example, when selecting between two potential glazing solutions for a commercial building, 
the design team will consider implications to energy demand, daylight, glare and thermal comfort, amongst other 
design drivers. A Building Physics assessment of each of these considerations can provide a quantitative comparison 
of options, and the subsequent communication of analysis data can be used to aid the design team's decision making 
process. 
 
2.3. Value appreciation 
 
Most applications of Building Physics are driven by a desire to reduce risk or optimise design opportunities. Risks 
may include tenant discomfort in a commercial building, lack of activation in a new public urban space or creation of 
undesirable wind environments. Opportunities may include operating a zero net energy building, designing a world- 
class acoustic environment at a concert hall or creating a retail experience that improves sales. In almost all cases 
Building Physics analysis has human amenity as a core focus, which stresses the importance of effective 
communication in a way that connects the analysis data to the experience of the end user. This allows stakeholders, 
as well as the wider community, to understand the true value of Building Physics. 
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3. Communication approaches 
 
Each scenario above demands the effective communication of analysis outputs in order to reduce project risk, 
improve efficiencies or demonstrate value to stakeholders. The method of communication will depend on the type, 
quality and resolution of analysis data, but must be selected carefully in order to facilitate truthful, credible and precise 
understanding [1]. 
 
3.1. Charts and tables 
 
Charts and tables are the simplest method of communicating analysis data, often containing abstracted information 
that facilitates understanding of the scientific principles that govern the analysis. For example, a chart may present 
the monthly occurrences of space cooling loads above a certain threshold for two different glass selections, 
demonstrating the connection between glass performance and cooling demand. Two-dimensional charts and tables 
benefit from enabling two datasets to be viewed simultaneously, but they are limited in that they contain no direct 
spatial information, which is fundamental to communicating data from the perspective of the end user. 
 
3.2. Two-dimensional contours 
 
Contours are widely used to describe spatial variation of scalar values in Building Physics analysis. Examples 
include contours of daylight factor across an office floorplan, ventilation effectiveness in a naturally ventilated 
carpark and vertical temperature distribution through an atrium. This style of communication can be very useful 
when using analysis to demonstrate a design meets a given performance indicator (for example, illustrating a certain 
percentage of floor area achieves a threshold daylight factor), but does not facilitate a contextualisation from the end 
user's perspective. Architects and some engineers have the ability to read, interpret and contextualise two- 
dimensional spatial information, but many stakeholders and members of the broader community do not possess this 
learned skilled. 
 
3.3. Three-dimensional renders 
 
Adding a third dimension to analysis communication facilitates further contextualisation of the data. For example, 
using a three-dimensional perspective view of a residential apartment it is possible to illustrate a window design, as 
well as the corresponding sunlight penetration. By altering the size of the window, the corresponding impact on 
sunlight penetration can be rendered and subsequently understood. Three dimensional spatial visualisation also allows 
datasets such as wind streamlines, which inherently require a third dimension to describe in full, to be communicated. 
This paper distinguishes “true first person” perspective as the experience of intuitively exploring an immersive scene 
by employing realistic head movements, as if one were physically within the virtual data. As such, traditional “on 
screen” three-dimensional renders are limited to a third person perspective requiring a discrete medium to display the 
visuals, commonly a computer monitor. 
 
3.4. Virtualisation 
 
The use of virtual reality technology takes traditional three dimensional analysis and transforms the visualisation 
or auralisation environment such that it is experienced from a true first person perspective. This allows the user to 
physically turn their head and experience a corresponding shift in the virtual visual and aural rendering. Virtual 
environments can be used to experience designs before they are built without the expense of full size physical 
prototyping. Data can be overlaid on the virtual geometry to communicate analysis results. 
 
4. Virtualisation system 
 
The virtualisation of Building Physics analysis has been achieved using a combination of hardware and software 
technologies. The two primary platforms used in this study were the Oculus Rift Development Kit 2 (DK2) and  the 
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Unity 3D gaming engine. The Oculus Rift DK2 is a head-mounted display that provides a stereoscopic three- 
dimensional view of digital content while tracking user head movements using gyroscopes, accelerometers and 
magnetometers within the headset, along with a separate infra-red sensor that improves positional tracking. Unity 3D 
was selected as a natively supported software platform for use with the Oculus Rift. Two modes of operation, termed 
static and dynamic data rendering in this research, have been established to allow virtualisation of various data types. 
 
4.1. Static data rendering 
 
Static data rendering is used for datasets that do not vary in response to the user’s position or view direction. These 
include datasets such as daylight factor, macro-scale wind flow and surface heat loads. As the user moves their head, 
the positional and rotational sensor information is sent from the Oculus Rift headset to the Unity 3D software package. 
The software interprets this head-tracking data to update the position and rotation of the virtual camera, then renders 
the virtual environment for display in the headset. Throughout this process, the Building Physics data remains static. 
 
4.2. Dynamic data rendering 
 
When the analysis data is dependent on the view position of the user, a dynamic data rendering environment is 
required. In this scenario, the head-tracking data from the Oculus Rift not only updates the position and rotation of 
the virtual camera, but also updates the analysis data to be rendered. This capability is important for several datasets, 
including immersive auralisation and reflected glare analysis. 
 
5. Case study 
 
In order to discuss the framework and capabilities of a dynamic data rendering environment, a case study using 
reflected glare analysis is provided. Reflected glare is a phenomenon in which sunlight reflected from surfaces in the 
built environment causes discomfort. In some circumstances, reflected glare can be considered “disabling” as it 
inhibits observers from doing a task. For example, there is significant risk to pedestrians and vehicle operators 
approaching a road intersection if a bright reflection from a nearby building façade prevents them from seeing traffic 
signals or each other. 
Stakeholders associated with built environment projects have generally experienced reflected glare in some form 
themselves and therefore have preconceived notions of the cause, severity and risk of reflected glare issues. As such, 
their experiences from an end user’s perspective often result in confusion when analysis outputs are presented in a 
scientific, abstracted format. This presents an opportunity for virtual reality to improve the communication of analysis 
data for the purpose of value appreciation. 
In Australia, the industry standard methodology for quantifying disabling glare issues was developed by David N. 
H. Hassall in 1991 [4]. The methodology calculates veiling luminance based on sun position, sun intensity, surface 
reflectance and the angle between the observer’s view and the incoming reflected sunlight. Hassall suggested a 
practical veiling luminance threshold of 500 Cd/m2. Typical application of this methodology involves identifying key 
observers and reflective surfaces, followed by an annual assessment of glare risk with outputs communicated using 
charts and contour maps. 
Figure 1 illustrates a two-dimensional chart used to convey annual glare risk for a single observer location. This 
style of data communication is quick to generate and therefore suited to validation of analysis results. Also, through 
careful selection of appropriate variables and application of scientific reasoning, these plots can be used to aid decision 
making. However, these charts will fall short of demonstrating glare contextually to stakeholders and an alternative 
approach is required. 
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Fig. 1. A chart illustrating the timing of glare events throughout the year. 
 
In order to generate two-dimensional contours and three-dimensional renders, researchers have developed 
procedures to visualise reflected glare issues using a combination of forward and backward ray tracing techniques [5]. 
These provide an improved spatial contextualisation of the analysis data, but still do not compare with the true first 
person experience of stakeholders. 
An immersive virtualisation has been explored as a way to facilitate stakeholder appreciation of reflected glare 
analysis by virtue of a true first person experience. Given the Hassall methodology’s dependence on observer view 
direction, dynamic data rendering was employed for this application. A demonstration model was prepared in Unity 
3D consisting of a tall tower, an adjacent roadway and a pedestrian crossing, marked with a tree in Figure 2. The 
position of the sun is calculated based on geographical location and time of day. The sun’s incident and reflected rays 
are rendered in yellow and red respectively in Figure 2a. The green line represents the user’s view direction. As the 
user looks around the virtual environment in the Oculus Rift headset, their view position and direction is used to 
calculate veiling luminance at the same frequency as the video is displayed. This provides an instantaneous 
measurement of glare from the perspective of the user. 
 
 
 
Fig. 2. (a) The dynamic virtual environment illustrating reflected glare analysis; (b) Veiling glare obstructing the user’s view. 
 
In order to demonstrate the mechanics of reflected glare to stakeholders, the user is able to move their virtual 
vehicle forwards and back along the roadway. As the calculated veiling luminance approaches the threshold of 500 
Cd/m2, a veiling effect in the form of a lens flare becomes visible, as shown in Figure 2b. The model has been 
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calibrated by applying a scaling factor to the intensity of the lens flare such that at a veiling luminance of 500 Cd/m2 
the user experiences difficulty perceiving objects in their direct line of sight. This interactive component of the 
experience allows users to understand spatially where glare may be an issue, from the perspective of observers moving 
through the site, as well as the magnitude of design changes required to mitigate potential issues. A particularly 
powerful component of the demonstration – one that is not feasible in charts, contours or renders – is a user’s 
experience as they approach the pedestrian crossing. During undesirable glare conditions, the veiling effect makes it 
almost impossible for the user to see a pedestrian that has been placed in the middle of the road, even when they are 
actively searching the crossing. 
It can be seen that this specific example facilitates an improved stakeholder appreciation of the mechanics and risks 
of reflected glare phenomena. However, the communication of data in this way requires specific software and 
hardware, the configuration of a separate model, and in some cases can trigger nausea in the user. As such, as with all 
data communication approaches, the use of virtualisation techniques should be dependent on the purpose of 
communication and any insufficiencies of traditional methods. 
 
6. Conclusion 
 
The use of immersive environments to communicate Building Physics analysis has been investigated with an aim 
of assessing the feasibility and limitations. An exploration of both the purposes of analysis communication and 
traditional communication approaches has revealed the virtualisation of Building Physics analyses can improve the 
contextualisation of output data from the end user perspective. As the discipline of Building Physics has an intrinsic 
focus on the amenity of the end user, it can be seen that communicating data in this way provides an opportunity to 
improve the efficacy and influence of Building Physics. 
A reflected glare case study has been presented as an example of using virtualisation to facilitate improved 
stakeholder appreciation of the mechanics and risks of glare issues, while noting the limitations of such technology. 
Care must be taken in choosing the appropriate communication approach according to purpose, data type, time or cost 
restraints and availability of technology. 
Virtual reality technology is improving and becoming more accessible at a faster rate than ever before. As the 
adoption of this technology becomes more mainstream across society, from designers and stakeholders to the general 
public, their application in the field of Building Physics will likely broaden and may result in an improved connection 
between Building Physics analysis and the experiences of end users. 
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